Objective: Findings concerning the association of obesity and mental disorders are inconsistent. The present epidemiological study investigates adjusted 4-week, 12-month, and lifetime prevalence rates of mental disorders in obese individuals compared with physically healthy probands and overweight individuals. Correlates of the associations are examined. Methods: Prevalence rates were calculated from two large epidemiological surveys from both the general population of Germany and inpatient centers. The surveys investigated subjects with obesity (n ¼ 910) and overweight (n ¼ 1550), as well as physically healthy probands (n ¼ 495). The prevalence rates were based on the Munich-composite international diagnostic interview, a standardized interview for the assessment of mental disorders. Correlates of mental disorders in obese individuals were assessed using self-report questionnaires and medical examinations. Results: The adjusted odds ratios (OR) of obese inpatients and obese patients from the general population were significantly elevated in comparison with healthy probands for the 4-week (OR: 2.2; 2.3), 12-month (OR: 1.8; 2.7) and lifetime (OR: 1.4; 2.0) periods. Prevalence rates of overweight individuals were below those of obese individuals. Mood, anxiety and somatoform disorders were most frequent. In particular, sex, marital status and comorbid musculoskeletal diseases proved to be correlates of an increased risk for mental disorders in obese individuals. The presence of comorbid mental disorders was associated with significantly increased health care use and lower quality of life. Conclusions: There is a strong relationship between obesity and mental disorders. A future task is to improve care of mental disorders in patients with obesity.
Introduction
Several representative, epidemiological surveys have reported increased prevalence rates of mental disorders in patients with somatic diseases like musculoskeletal, [1] [2] [3] [4] cardiovascular, 1,2,4,5 cancer 2, 6 and respiratory tract diseases 2, 4 in comparison with somatically healthy probands or probands without the examined disease. The findings concerning the association of obesity and mental disorders are more inconsistent. Of eight recent epidemiological studies, six found increased prevalence rates of mental disorders, [7] [8] [9] [10] [11] [12] whereas two did not. 13, 14 However, despite their strengths, these studies have several shortcomings, which restrict their results. First, half of the studies focus solely on depression. [7] [8] [9] 11, 12 Two of the remaining studies are restricted to adolescents and young adults, and only used small sample sizes of obese individuals. 10, 14 The only study to focus on more than one disorder, comprising a representative sample of adults aged 18-64 years, reported cross-tab calculations instead of prevalence rates. 13 Second, prevalence rates of comorbid mental disorders are not based on national representative surveys in any of the studies, with the exception of those by Carpenter and co-workers 7 and
Heo et al. 11 To date, there is no study reporting prevalence rates of major categories of mental disorders in obese individuals on the basis of a representative national survey of an adult population. Third, except for Onyike et al. 8 information about weight and height are based on selfreports. It is well known that individuals with a high BMI tend to underestimate their weight, 15 and therefore the samples may be biased. The present study tries to overcome these shortcomings. The prevalence rates of mental disorders in obese patients from the general population as well as from a representative sample of obese rehabilitation inpatients are reported in comparison to overweight individuals and physically healthy probands. Diagnoses are based on physicians' diagnosis and measured height and weight. Known covariates, such as age and sex, are controlled for. Three questions will be answered in this study:
1. Are obese individuals at increased risk of showing age and sex-adjusted 4-week, 12-month, and lifetime prevalence rates of mental disorders according to DSM-IV in comparison with healthy probands? 2. What are the correlates of an increased prevalence rate of comorbid mental disorders in obese patients? 3. Are there quality of life and health care implications of comorbid mental disorders in obese patients?
Methods

Study design and samples
Overweight and obese patients as well as healthy probands were selected from the German National Health Interview and Examination Survey -Mental Health Supplement (GHS-MHS) and the Epidemiology of Mental Disorders in Medical Rehabilitation Study (EMDMR). Both studies were based on epidemiological sampling procedures. The two-stage crosssectional design included (1) screening of representative population samples and (2) stratified random sampling of probands for diagnostic interview.
(a) The GHS-MHS was the first nationwide epidemiological study of mental health among the adult general population in Germany. 16, 17 The data collection of the GHS-MHS was based on a two-stage procedure: First, all participants of the GHS -Core Survey (GHS-CS; n ¼ 7124) were screened for mental disorders with the screening questionnaire of the Munich Composite International Diagnostic Interview (CID-S) and diagnosed for somatic illness. The somatic examination took place in special centers at the study sites and began with a self-report questionnaire to evaluate subjects' current and past somatic symptoms and complaints, health-care utilization, impairments and disabilities as well as personal characteristics. Completion of the questionnaires was followed by a structured interview conducted by a study physician to reexamine and refine the medical data from the self-report information. This interview was computer-assisted for standardization and integrity purposes. Diagnoses were then supplemented, and depending on the medical condition, revised on the basis of laboratory test data comprising, among other data, height and weight. Second, all participants who screened positively according to the CID-S and 50% of those who screened negatively were examined by means of a standardized clinical interview for mental disorders (M-CIDI; n ¼ 4181). 16 The BMI of overweight and obese individuals from the general population was based on the measured height and weight. All probands of the GHS-MHS with current overweight (X25 BMI o 30; n ¼ 1550) or obesity (BMI X30; n ¼ 797) were included in this study. The healthy comparison group included all probands of the GHSFMHS, who were neither overweight nor obese and had not been diagnosed with any chronic somatic disease within the previous 12 months (n ¼ 495).
(b) The EMDMR study examined the frequency of mental disorders among rehabilitation inpatients with somatic diseases. The present study comprises all obese rehabilitation inpatients diagnosed as such by physicians (n ¼ 113). The sample originated from 19 German inpatient rehabilitation centers. Patient recruitment was based on a two-stage procedure analogous to the sampling procedure of the World Health Organization (WHO) study on mental illness in general health care: 18 All newly admitted patients were screened by means of the General Health Questionnaire
19
(n ¼ 2902) and completed a self-report questionnaire including sociodemographic and medical questions. Ten percent of low GHQ scorers (0-4), 30% of medium GHQ scorers (5-7) and 50% (8-12) of high GHQ scorers were then selected randomly for the standardized clinical M-CIDI interview 20 (n ¼ 648). All rehabilitation inpatients underwent a comprehensive diagnostic procedure based on patients' admission reports, laboratory test data and a complete physical examination. Physicians were instructed to document all diagnoses according to ICD-10 using a standardized medical chart.
Assessment
Munich-composite international diagnostic interview in the DIA-X version 21 . Mental disorders were assessed using the M-CIDI in both of the epidemiological studies that provided the patients and comparison sample for the present analyses. The M-CIDI is an expanded, updated and computerized version of the WHO-CIDI. It allows for reliable and efficient assessment of symptoms, syndromes and diagnoses of mental disorders, along with information about age of onset, duration of symptoms and clinical and psychosocial severity. The main advantages of this procedure is its high objectivity and inter-rater reliability (k: 0.82-0.98). 22 The M-CIDI was used to determine the presence of substance abuse/dependence, mood, anxiety and somatoform disorders according to DSM-IV criteria (Table 1) .
Short form 36 23 . The short form 36 (SF-36) was used as a health-related quality of life measure. It contains 36 items that cluster into eight subscales. Higher scores indicate better quality of life with a range from 0 to 100 points. The eight subscales are summarized into two main scales: physical component summary score and mental component summary score reflecting z-standardized values of 750.
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Data on sociodemographic, medical and health care use variables. Data on sex, age, marital status, income, education, employment status, doctors' visits, sick leave and inpatient treatment were collected within the self-report questionnaires of the GHS and EMDMR. Income was defined as net household income and subdivided into low (below h1000 per month (approx. $1200)), middle (h1000-2500 (approx. $1200-3000)) and high income (over h2500 (approx. $3000)). Education is related to the German education system and subdivided into low (without school graduation or with the lowest possible school graduation), middle (comparable to secondary school leaving certificate at 16 years of age) and high education (comparable to qualifications for university entrance).
Interviewers. All interviewers were clinically experienced psychologists, physicians or other health professionals. The interviewers received standardized interview training regarding implementation of the M-CIDI interviews, thus warranting high reliability. Interviewers were monitored closely and supervised by trained M-CIDI clinical editors. 16, 20 Data analysis. The data analysis was completed using Stata Statistical Software. 24 Statistical weighting procedures were used to compensate for the oversampling of probands. 16, 20 Within the GHS-MHS, subjects were weighted to adjust the sample to match the age, sex and regional distribution of the national administrative statistics of December 1997. 21 The weighted distribution of mental disorders (yes/no) in obese and overweight subjects was compared with the healthy comparison group using logistic regression, controlling for age and sex. Regression coefficients were transformed to odds ratios (OR). On the basis of weighted prevalence rates of the physically healthy comparison group, prevalence rates of obese and overweight subjects were calculated using the estimated OR. Accordingly, for the obese and overweight samples, prevalence rates of mental disorders are reported under the condition of an age and gender distribution corresponding to the healthy sample. To carry out a correct weighting and stratification of the random samples, the Stata SVY (survey) commands were used. These commands allow adequate handling of weighted and stratified data. The analyses conducted were not adjusted for multiple testing, with the exception of the analyses of differences of the sample characteristics. Tests on sociodemographic differences formed the basis of our decision as to which confounders should be included in our logistic regression model besides age and sex ( ¼ sociodemographic correlates that differ between the patient samples). This procedure followed the recommendations of Bender and Lange, 25 which concluded that data from exploratory studies (nonconfirmatory studies; epidemiological studies) should be analyzed without multiplicity adjustment, as the use of multiple test procedures does not solve the problem of making valid statistical inferences for hypotheses that were generated by these data. Unadjusted significance tests, however, can be used only for descriptive purposes and not for decision-making. Therefore, significant results shown in our study need to be tested in further confirmatory studies.
Results
The total sample consisted of 2955 probands, who were interviewed by means of the standardized clinical interview. A total of 797 individuals from the general population and 113 rehabilitation inpatients were obese, and a total of 1550 subjects from the general population were in the overweight group (Table 2) . A total of 495 individuals who were neither overweight nor obese and had not been diagnosed with any chronic somatic disease within the previous 12 months entered the physically healthy comparison group.
The following prevalence rates of mental disorders are ageand sex-adjusted. Therefore, we compared the age-and sexadjusted characteristics of the samples (Table 2 ). There were no significant differences between the obese and overweight samples, with the exception of a lower level of education in obese patients from the general population and the number of somatic comorbidities. Compared with healthy probands, the adjusted characteristics of the patient samples differed more often. However, these differences may be owing to confounding factors other than age and sex, as well as consequences of overweight and obesity. To avoid over- Mental disorders in patients with obesity in comparison with healthy probands H Baumeister and M Härter adjusted prevalence rates of mental disorders, we adjusted for the unequivocal confounders age and sex.
Question 1.
Are obese individuals at increased risk of showing age and sex-adjusted 4-week, 12-month, and lifetime prevalence rates of mental disorders according to DSM-IV in comparison with healthy probands? There were significant differences in the prevalence rates of mental disorders, which increased continuously from healthy probands to overweight individuals to obese patients from the general population, and finally to obese rehabilitation inpatients (Table 3 ). The 4-week prevalence rates of any mental disorder were 13.9%. in healthy probands, 22.2% in overweight individuals, 26.6% in obese patients from the general population and 27.1% in obese rehabilitation inpatients. The 12-month prevalence rates were 25.7, 34.8, 37.9 and 48.3% and the lifetime prevalence rates were 37.6, 44.0, 46.0 and 54.9%, respectively. In all samples, mood and anxiety disorders were the most common. The prevalence rates of mood (OR: 1.4-4.1) and anxiety disorders (OR: 1.7-4.2) were significantly increased in overweight and obese individuals versus healthy probands. An increased prevalence rate was also found in somatoform disorders in overweight and obese individuals compared with healthy probands (OR: 1.7-3.0). The prevalence rates of substance use disorders did not differ significantly between samples. Furthermore, overweight and obese individuals were significantly more likely to display more than one mental disorder than healthy probands (OR: 2.0-5.3).
Question 2. What are the correlates of an increased prevalence rate of comorbid mental disorders in obese patients?
By means of a logistic regression model, we analyzed correlates of increased prevalence rates of any mental disorder, mood disorders, anxiety disorders, somatoform disorders and substance disorders in obese patients (Table 4) . Being female proved to be a significant predictor of an increased prevalence rate of any mental disorder (OR: 1.7), mood disorder (OR: 2.7), anxiety disorder (OR: 1.7) and somatoform disorder (OR: 2.2), whereas obese females were at decreased risk for substance disorders (OR: 0.2). There was no significant association between age and mental disorders in obese patients. Being unmarried was significantly associated with an increased risk for any mental disorder (OR: 1.9), mood disorders (OR: 2.0) and anxiety disorders (OR: 1.7), and was a non-significant risk for somatoform disorders (OR: 1.5). There was no significant association between mental disorders and income or education. However, higher income was associated with an OR of 1.5 for mood disorders. A middle or high level of education showed OR of 1.2 and 1.5, respectively for any mental disorder and 1.6 and 1.9 for substance disorders. Employment status (OR: 1.7) and setting (OR: 2.4) were significantly associated with mood disorders. Three or more somatic disorders were (mostly nonsignificantly) associated with an increased risk for mental Mental disorders in patients with obesity in comparison with healthy probands H Baumeister and M Härter disorders (OR: 1.6-3.2), except for anxiety disorders (OR: 0.9). With regard to specific comorbid somatic diseases, only musculoskeletal diseases were associated with an increased risk of mental disorders (OR: 1.3-1.8), with significant results for any mental disorder, anxiety disorders and somatoform disorders. Moreover, comorbid respiratory tract diseases (OR: 2.2) and diabetes (OR: 3.0) were associated with a nonsignificantly increased risk for substance disorders.
Question 3. Are there quality of life and healthcare implications of comorbid mental disorders in obese patients? Age and sex-adjusted healthcare indicators deteriorated continuously from obese patients with no comorbid disorders, one comorbid mental disorder, to two or more comorbid mental disorders, with the exception of 'having been an inpatient within the preceding year' (Table 5) . A total of 26.7% of obese patients without comorbid mental disorders reported 13 or more doctors visits within the preceding year, compared to 35.1% of patients with one comorbid mental disorder and 52.6% of patients with two or more comorbid mental disorders. The percentages of patients who reported sick leave within the preceding year were 47.6 (none), 56.3 (1) and 61.5 (X2). 15.1, 13.6 and 26.4%, respectively, of obese patients had received inpatient treatment within the preceding year. The health care indicators deteriorated most significantly for obese patients with two or more comorbid mental disorders in comparison with patients with no and one comorbid mental disorder, whereas the results remained non-significant regarding the differences between patients with no and with one comorbid mental disorder. All age and sex-adjusted quality of life indicators deteriorated continuously and significantly from no, to one, to two or more comorbid mental disorders (Table 6 ).
Discussion
The present study compares, for the first time, age-and sexadjusted 4-week, 12-month, and lifetime prevalence rates of mental disorders in obese patients compared with healthy probands. The rationale for including obese rehabilitation inpatients and patients from the general population was to minimize selection bias, the so-called Berkson's bias. 26 There is evidence for an increased prevalence rate of mental disorders, in particular depression, in treatmentseeking obese patients, whereas the findings concerning Mental disorders in patients with obesity in comparison with healthy probands H Baumeister and M Härter obese individuals from community samples are, as yet, inconsistent. [7] [8] [9] [10] [11] [12] [13] [14] 27 Obese individuals show a high current (4-week), 12-month and lifetime prevalence rate of comorbid mental disorders, irrespective of the underlying setting. In comparison with physically healthy probands, prevalence rates of obese individuals are significantly increased. Moreover, obese individuals from the general population show an increased 12-month and lifetime prevalence rate of any mental disorder that is slightly above that of overweight individuals but clearly below that of obese rehabilitation inpatients. The results confirm previous findings that there is a Berkson's bias regarding obese rehabilitation inpatients and obese individuals in general. However, the results also highlight an increased prevalence rate of comorbid mental disorders in obese patients from the general population that is comparable with that of other somatic diseases. [1] [2] [3] [4] [5] [6] The differences in overall prevalence rates between obese individuals and healthy probands are mainly because of significantly higher frequencies of mood, anxiety and somatoform disorders during all three time periods. In accordance with most previous studies, 7-9,11,12 mood disorders are frequent in obese individuals and significantly increased in comparison with healthy probands. In contrast, the only previous study to analyze the association between obesity and anxiety and somatoform disorders in a Mental disorders in patients with obesity in comparison with healthy probands H Baumeister and M Härter representative adult population failed to show significantly increased prevalence rates in comparison with normalweight subjects. 13 However, the cross-tab calculations used in this study make it difficult to compare results. Again, the increased prevalence rates of mood, anxiety and somatoform disorders in obese individuals are in line with prevalence rates of the corresponding comorbid mental disorders in patients with other physical diseases. [1] [2] [3] [4] [5] [6] Substance use disorders are more frequent in obese individuals from the general population than in obese rehabilitation inpatients, and are also increased in comparison with healthy probands, albeit not significantly. An explanation for the lower prevalence rates in obese rehabilitation inpatients may be that inpatients tend to dissimulate their substance-related symptoms in a more distinct manner than community dwellers because of the less anonymous setting. Moreover, inpatients may have more often resolved to stop their health risk behavior owing to having begun treatment. This could explain the very low rate of current substance use disorders, whereas the 12-month and lifetime prevalence rates differ less clearly between obese rehabilitation inpatients and obese individuals from the general population.
In particular, being female, unmarried and physically multimorbid are correlates of an increased prevalence rate of mental disorders. These findings are in line with results from previous studies analyzing the association between obesity and depression. [7] [8] [9] Moreover, this relationship could also be found in surveys from the general population, 17, [28] [29] [30] indicating that sex, marital status and being physically multimorbid are general correlates for an increased risk of mental disorders. In terms of the different numbers of somatic comorbidities within the overweight and obese samples (Table 2 ), the increased rates of mental disorders may therefore result not only from being obese but also from comorbid diseases. Beyond these general correlates, there are specific associations between obesity and mental disorders such as unemployment as a correlate for an increased risk of mood disorders. A particularly notable finding is that of the association between the setting obese individuals are from (rehabilitation inpatients vs general population) and the frequency of mental disorders. According to our results, the Berkson's bias mentioned above seems to be restricted to mood disorders, whereas there were no significant differences for anxiety disorders, somatoform disorders and substance use disorders or mental disorders in general.
Overall, our data highlight a strong association between obesity and an increased risk for mental disorders that is moderated and mediated by different correlates such as sex, Mental disorders in patients with obesity in comparison with healthy probands H Baumeister and M Härter marital status and somatic comorbidities. Owing to the cross-sectional design of our study, however, we can only speculate as to the potential pathways between obesity and mental disorders. With regard to depression in obese individuals, recent reviews about potential mechanisms postulate a complex bio-psycho-social interaction 26, [31] [32] [33] with moderators such as gender and an assumed common genetic basis upon which the obesity-depression co-variation is conditional. Furthermore, mediators such as being teased about one's weight or taking antidepressants can be assumed to bridge the causal effect of depression and obesity. 31, 33 According to the reviews, depression can be caused by obesity and vice versa. Moreover, both may be triggered by common final paths and, of course, obesity and depression can also coexist by chance. Although a great deal remains unknown concerning the underlying mechanisms of obesitydepression associations, some putative pathways have been postulated that could be tested in future research. With regard to anxiety and somatoform disorders, which are shown to be as frequent as mood disorders in obese individuals, there is a lack of such models regarding the underlying mechanisms. The clearly increased prevalence rates of anxiety and somatoform disorders in obese individuals as well as the proven significant correlates of this covariation would suggest an association that goes beyond that of chance. To achieve a better understanding, it will also be necessary to enhance research efforts regarding these mental disorders in obese individuals.
Although the mechanisms of the association between obesity and mental disorders remain partly unknown, our data underline the high impact of such an association on the healthcare system and quality of life. Obese individuals with at least one comorbid mental disorder reported a significantly lower quality of life than those without mental disorders. This effect is not only shown for the psychosocial aspects of quality of life, which are partly tautological owing to the large content overlap of the constructs, but also for the physical aspects of quality of life. This finding is in line with recent reviews on the association of somatic or psychiatric comorbidities and quality of life in patients with chronic somatic diseases. 34, 35 Although comorbid somatic diseases primarily aggravate physical aspects of quality of life, psychiatric comorbidities lower both mental and physical aspects. Perhaps this lowered perception of quality of life in obese individuals with comorbid mental disorders leads to an increased utilization of healthcare provisions. In particular, mentally multimorbid obese individuals are frequent users of the healthcare system. A recent study documents that being obese already increases the probability of primary care use and diagnostic services. 36 However, the percentage of obese individuals with two or more mental disorders frequently using outpatient and inpatient treatments was nearly doubled in comparison to obese patients without comorbid mental disorders. Considering the high percentage of under-treatment, over-treatment and inadequate treatment of mentally disordered individuals, 37,38 the need for an improved diagnostics and treatment of obese individuals considering mental disorders is obvious. This investigation attempted to overcome the limitations of previous studies by using two large, independent samples, a standardized interview procedure covering a wide range of mental disorders and an obesity measure based on objective data. However, three methodological issues should be noted. First, although we did not use self-reports of height and weight for the sampling of overweight and obese individuals, our sampling procedure may still be biased. We used measured height and weight of individuals from the general population, and we selected obese rehabilitation inpatients by physicians' diagnosis. To our knowledge, there are no studies on the validity of physicians' obesity diagnosis based on an extensive diagnostic procedure at the beginning of inpatient treatments. Therefore, it remains unclear whether and to what extent the obese inpatient sample comprises normal-weight and overweight individuals. Second, even though the CIDI is regarded as the standard for large epidemiological surveys, there are limitations in terms of the reliability and validity of some specific diagnoses, such as the category of somatoform disorders currently under discussion. 1, 21, [39] [40] [41] Given the restricted validity and reliability of this category, it could be argued that it is not adequate to report prevalence rates of somatoform disorders. However, owing to its high impact on healthcare, with somatization alone accounting for approximately 16% of the yearly healthcare expenditure of the US, 42 we decided to discuss this restriction as a limitation so as to overcome the present 'nihilism' of somatoform disorders in both research and practice.
Conclusion
Our study is able to answer some of the controversial questions regarding the association between obesity and mental disorders. First, there is an increased risk of mental disorders in obese individuals. This applies not only to depression but also to anxiety and somatoform disorders. Second, different correlates of the association between obesity and mental disorders are shown, which suggest a complex etiological pathway concerning not only obesitydepression associations. Third, comorbid mental disorders in obese individuals are associated with an increased healthcare use and lowered quality of life, underlining the need for improved diagnostics and treatment in obese individuals. However, each answer raises a multitude of new questions on the association between obesity and mental disorders. Further research is needed to clarify and improve (1) the etiological pathways of obesity and mental disorders, (2) specific mental disorder-correlate associations such as the increased frequency of substance use disorders in highly educated obese individuals and (3) the treatment for mentally comorbid obese patients.
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